The structure of optimization model of optimal management of raw materials, fuel and energy resources in the blast-furnace shop of iron and steel works is represented.
Introduction
To solve the tasks relating to the management of complex difficult and energyconsuming process units in the dry metallurgy, it is necessary to use the modern automated systems of optimal management of raw materials, fuel and energy resources.
The blast furnace processing is given the special place in the set of technological operations directed at obtaining the metal products as it is the most resource-intensive, energy-consuming and difficult operation using up to 50% of fuel materials consumed by the iron industry.
The analysis of current state of blast furnaces complex management provides an opportunity to draw the conclusion that it is necessary to be concentrated on the solving of challenging applied research task to create the automated subsystem for the optimal management of raw materials, fuel and energy resources, as well as forecasting of blast furnaces complex operation under the conditions of change in raw materials and fuel market, instability of composition and quality of smelt iron ore raw materials. Such task is to be solved based on development and application of new methods and algorithms [1] [2] [3] [4] [5] . The mathematical models of technical processes and production [6] [7] [8] represent the intellectual core of such system.
Model Structure
The structure of optimization model of optimal raw materials, fuel and energy resources management within the blast-furnace shop is represented in Figure 1 and includes the following main blocks:
Calculation of the set of parameters that characterize the thermal, gas-dynamic, slag and blasting modes of every blast furnace within the shop during the base period.
The parameters of blast furnace melting are evaluated with the help of balance model of blast-furnace process developed within the natural simulation approach that may be conventionally divided into two parts, that is, model of base state and prediction model [8] [9] [10] [11] . The model of base (reference) state enables the evaluation of the state of every blast furnace and influence of input parameters on the thermal, gas-dynamic and slag modes of blast furnace melting with the use of all actually available information on parameters of burden material, fuelenriched blast, blast-furnace gas and melting products. The prediction model with reference to the results obtained with the help of base (reference) state model provides an opportunity to evaluate the indices of blast furnace melting when the RestricƟon of the blast-furnace shop mainly to intake (consumpƟon) of the iron ore raw materials (steel pellet, agglomerate, ore addiƟves), fluxing materials and coke; to consumpƟon of natural gas and industrial oxygen, composiƟon of smelt iron; to operaƟonal target shop' subsystem are used for this purpose [9] [10] [11] . The total number of technical report indices comprises more than 300 units. 'Blast-furnace shop technologist WKS' program unit is used to calculate the set of parameters characterizing the thermal, gas-dynamic, slag and blasting modes of every blast furnace within the shop during the base period (for about 30 parameters for every blast furnace) [9, 11] . with the use of blast-furnace process model [10] . Considering the model linearity, these coefficients for given furnace are further regarded to be the constant ones in relation to the chosen base period when solving the prediction tasks.
The probability of linearization of mathematical model of blast-furnace process are evaluated for the operating conditions of separate furnaces; the possible limits of raw materials, blasting and mode parameters change, as well as use of linear mathematical programming methods to solve the optimization tasks are determined. At the same time, the methods evaluating the blast-furnace process linearity that were developed earlier on and represented in the works [9, 11] are also used.
Thus, to improve the rating reliability, the model uses the incremental relations that allow bringing of task to the task of linear mathematical programming as well as excluding the influence of instrumentation and accuracy errors for information channels.
Furthermore, the tasks of optimal raw materials, fuel and energy resources distribution during the project period are solved. This includes the following blocks: (c) Bypass ratio of natural gas and process oxygen is set due to the guard condition of maintenance of burning temperature on the injection lances at the scheduled interval.
(d) The objective function is set as the task to minimize the coke consumption. 'Generate report' function (A5) provides an opportunity to prepare the list of indices for exporting to the external file of commonly used office documents formats (Word, Excel, CSV, PDF and others).
Mathematical, Algorithmic and Information Support
The structural system analysis and designing of mathematical model units are per- Blast furnace burden material optimal composition selection. The solution block chart for the task calculating the optimal composition of blast-furnace burden material is represented in Figure 3 . The optimization model includes two main components: objective function and technological restrictions to every blast furnace.
Calculation of the optimal natural gas distribution. The optimal distribution of fuel and energy resources within the group of blast furnaces and, particularly, injected fuel and process oxygen within the group of blast furnaces is an actual task because the technological parameters of operation of separate furnaces differ considerably. It makes sense to have the strategic methodology to evaluate the efficiency of specified resources use for the blast furnaces as well as carry out their optimal distribution if having the set general consumption of these resources within the blast-furnace shop. Figure 4 shows the flow diagram solving the optimization task of fuel and energy resources distribution within the group of blast furnaces.
The following variants of objective functions are provided:
1. Minimal coke rate:
2. Maximal performance: Formation of technological restrictions presupposes the accounting and mathematical description of restrictions to the thermal, gas-dynamic and slag melting modes.
The 'Optimal management of raw materials, fuel and energy resources during the blast furnace production' software in the form of web application is developed in accordance with the modern principles of application programs development (functionality, 6. The proper software is developed with the help of modern technologies.
